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METHOD AND APPARATUS FOR CONTINUOUSLY CONTROLLING 
THE DYNAMIC RANGE FROM AN ANALOG-TO-DIGITAL 
CONVERTER 
Technical Field 

The present invention relates to dynamic adjustment of an analog-to- 
digital converter (ADC) typically for use in a radio receiver. It is particularly 
adapted to such dynamic adjustment where the ADC operates under fluctuating 
signal conditions. 
Background of the Invention 

Analog-to-digital converters (ADCs) are well-known in the electronic 
art for converting an analog input signal to a digital output signal. As such, 
they are used in many applications mcluding radio receivers and in particular, 
mobile radio receivers. Such receivers, and especially mobile receivers, 
typically operate where the incoming radio frequency (RF) signal fluctuates in 
signal strength and overall quality due to interference with adjacent radio 
frequency signals. Such signals, which commonly are radio frequency 
channels, contain desired information which is to be ultimately decoded by the 
radio receiver. Both the received radio frequency channel and other radio 
frequency transmissions at the same or other carrier frequencies close to that of 
the desired radio frequency channel can change continuously during reception 
due to the non-constant propagation of radio frequency signals in the radio path 
from the transmitter to the receiver. Such non-constant propagation can be due 
to atmospheric conditions, moving objects within the atmosphere such as 
airplanes, as well as due to the movement of the mobile receiver or transmitter 
or sources of undesired interferers. As a result, signal levels at the antenna of 
a radio receiver can vary during the reception of the desired radio frequency 
channel. 

Analog-to-digital converters convert the signal of the desired radio 
frequency channel and possibly other radio frequency channels that are close in 
carrier frequency to the desired radio frequency channel into the digital domain 
and as such, are used in all digitally modulated radio communication systems. 
Such converters can be found at any of various stages within the radio 
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frequency receiver such as at the baseband, intermediate frequency or radio 
frequency locations. 

As is known in the art, the speed and dynamic range requirements of an 
ADC depend strongly on the partitioning of the various signal processing 
blocks between the analog and the digital circuitry. Often, digital signal 
processing is preferred if the performance of the ADC is sufficient and the 
power consumption of the ADC is reasonable for a specific application. 
However, power consumption tends to increase rapidly as the speed and 
resolution requirements of an ADC increases. This power consumption 
increase is generally valid for all existing ADC topologies and therefore it is 
important in applications where power consumption is to be minimized (such 
as mobile radio frequency receivers) to optimize the dynamic range of the 
ADC to the anticipated reception conditions for that receiver so as to allow fast 
settling of the dynamic range during fluctuating radio frequency receiving 
conditions. This result in turn can be achieved by using controllable analog 
gain prior to presentation of the analog signal to be converted by the ADC, 
provided that sufficient analog filtering is present, especially when using the 
ADC and power limited receiving applications. In applications which are less 
demanding with respect to power consumption, a maximum dynamic range can 
be used all the time during reception, even when the larger dynamic range 
would not otherwise be necessary due to better than anticipated radio receiving 
conditions. 

As seen in Figure 1 , a conventional direct conversion radio frequency 
receiver which uses analog-to-digital conversion typically operates so that the 
ADC uses a fixed number of bits at all times. As a result, the current 
consumed by the ADC is essentially constant. A typical receiver includes 
automatic gain control and filtering, both in the analog domain, to handle the 
incoming radio frequency signals so that the level presented to the ADC is 
approximately constant and hence, the number of bits used by the ADC can be 
limited to the minimum number required for further digital signal processing. 
In such prior art receivers, the analog signal processing requires a large 
maximum gain and a large gain control range in order to be able to receive 



944-003.107 



incoming radio frequency signals having a large range of power levels at 
different conditions. Such analog gain control circuitry typically has unwanted 
characteristics including large direct current transients due to mismatches and 
other non-ideal aspects of such gain control circuitry. These unwanted 
5 phenomenon can be avoided and to a great extent, more easily removed with 

digital signal processing. Due to the development of integrated circuit 
technology, such digital signal processing can also be achieved with a 
reasonable amount of power consumption. However in that case, the ADC 
with a larger dynamic range and a higher sampling rate than in conventional 
10 direct conversion receivers with gain control is required. Such an ADC 

unfortunately consumes a substantial amount of power if used with maximum 
dynamic range at all times, 
i Summary of the Invention 

The present invention is directed to continuously controlling the 
ly dynamic range of an analog-to-digital converter so as to minimize the power 

HJ consumption of the associated radio receiver by optimizing the dynamic range 

of the ADC to the existing radio frequency reception conditions and to allow 
!f ; fast settling of that dynamic range during fluctuating radio receiving 

M= conditions. The present invention achieves this result based on performing 

^] measurements of parameters which indicate the existing radio frequency signal 

^ conditions. As such, the present invention can be used in all ADC 

architectures, although the measured parameters and the associated values used 
in the method may vary depending upon the implementation aspects of 
different ADC architectures. In addition, the present method is valid for all 
25 possible radio architectures and for all digitizing frequencies. As such, the 

received radio channel can be processed with an ADC at baseband, at an 
intermediate frequency or even at the incoming radio frequency. The specific 
targeted application of the method is a direct conversion receiver in which 
most of the channel selection is performed in the digital domain and analog 
30 fihering is primarily used for antialiasing and for slight prefiltering purposes. 

The method of the present invention is most suitable for mobile radio 
receiver terminals used in cellular systems but it can also be used at base 
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stations or in fact, at any possible radio system using ADCs in the receiver. In 
particular, the method according to the present invention determines the 
required number of bits for the resolution of the ADC when the ADC is in 
actual use under dynamic incoming conditions. The required number of bits 
5 needed for further digital processing of the signal varies with the receiving 

conditions of the radio frequency channel. 

The required number of bits is another way of saying or indicating the 
dynamic range of the ADC when used m dynamic receiving conditions. As 
such, the ADC with such dynamic range capability is able to be used with the 
10 minimum number of bits or minimum dynamic range necessary for receiving 

the radio frequency channel under dynamic radio frequency conditions and 
r I therefore optimizes the power consumption associated with the ADC and 

"ff hence, the radio receiver. By determining the required number of bits of the 

/J ADC in use under dynamic conditions, the power consumption can be 

rib optimized by scaling the biasing current, reducing the supply voltage, 

: J removing the number of stages from the converter and/or any other possible 

f means to reduce overall power consumption. 

p The method of continuously controlling the dynamic range of an ADC 

f J according to the present invention is performed by measuring the received 

- io radio frequency channel and other signals which may be present at the antenna 

so as to determine the existing reception conditions based on the signal level of 
the desired radio chaimel and any other interfering signals, including other 
interfering radio frequency channels. The method used is an algorithm to 
determine the appropriate number of bits (dynamic range) required in the ADC 
25 to allow decoding of the desired radio channel. Optionally, the algorithm can 

also scale the amplification of preceding stages prior to the analog-to-digital 
conversion and select the correct nimiber of bits for the conversion by the 
ADC. The overall result leads to a more optimized power consumption of the 
radio receiver. 
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The present invention provides for continuously controlling the dynamic 
range of an ADC by providing to the ADC a control word which represents 
the dynamic range required of the ADC under current reception conditions. In 
other words, the control word represents the effective number of bits required 
5 of the ADC output in order to provide a sufficient digital signal for post digital 

signal processing to decode a desired radio channel under existing radio 
frequency reception conditions. This continuously determined control word 
representing the current resolution required of the ADC also can provide for 
sufficient headroom in view of potential signal changes as well as the latency 
10 time of the control cycle used to determine the next control word to be applied 

^ to the ADC. 

The present invention can further provide conventional level shifting of 
\| the analog signal to an optimal detection level for presentation to the ADC, 

f!] with this gain controlled signal combined with repetitive calculation of the 

15 optimal dynamic range of the ADC. Finally an alarm signal can be generated 

s in situations where it is determined that the signal levels of the radio frequency 

PI signal being received are rapidly changing as sensed by the analog components 

of an associated radio receiver, which can then be used to reduce the latency of 
p the control algorithm and hence, minimize the required headroom due to 

15 fluctuating signal levels. 

In short, the present method reduces the required number of reduction 
bits used by the ADC at any instant in time to an amount necessary for 
decoding a desired radio channel under current operating conditions. This 
method allows for the efficient use of high-resolution, dynamically scalable 
25 ADCs in radio systems. Through this method, it is possible to reduce the 

average power consumption of a high-resolution ADC and hence, the radio 
receiver power consumption. 
Brief Description of the Drawings 

For a fuller understanding and the nature of the present invention, 
30 reference is made to the following detailed description taken in connection with 

the following drawings which: 
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Figure 1 is a block diagram of a prior art direct conversion 

receiver with gain control; 
Figure 2 is a block diagram of a direct conversion receiver with 

ADC dynamic range control according to the present 
5 invention in which the ADC control is associated with 

one downconverting stage; 
Figxire 3 is a flow chart showing how ADC resolution is 

determined when analog gain control is not used in 

conjunction with the determination of ADC resolution; 

10 Figure 4 comprising Figures 4a, 4b, 4c and 4d show the signal 

levels and required dynamic range vs. full-scale and full- 
resolution of an ADC; and in particular: Figure 4a shows 

;2 these signal levels for when a received signal is weak and 

J^; no analog gain control is available; Figure 4b shows the 

O signal levels when the received signal is strong and no 

%j analog gain control is available; Figure 4c shows the 

signal levels when the received signal is weak and other 

H radio frequency channels are relatively weak and no 

11 analog gain control is available; and Figure 4d shows the 
J5 signal levels when the received signal is weak and other 
N radio frequency channels are relatively weak and analog 

gain control is available; 
Figure 5 is an example of a flow chart of a prior art level 

adjustment used for analog gain control; 
25 Figure 6 is a flow chart illustrating ADC resolution control 

according to the present invention combined with analog 

gain control level adjustment; 
Figure 7 comprising Fig. 7a and Fig. 7b is a more detailed flow 

chart which defines how ADC resolution is determined 
30 when analog gain control is also used; 

Figure 8 comprising Fig. 8a, Fig. 8b, Fig. 8c and Fig. 8d is a 

flow chart of an algorithm example which defines ADC 
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resolution with analog gain control and RF gain control 

with the radio frequency gain control added to the 

algorithm shown in Figure 7; 
Figure 9 is a flow chart which shows analog alert signal generation 

which can be used in situations where fast changes in 

signal levels are determined; and 
Figure 10 is a flow chart similar to Figure 8 which includes alert 

signal generation that is used to redetermine ADC 

resolution and gain. 
Best Mode for Carrying out the Invention 
Introduction 
Radio Receiver 20 

The acronyms used throughout the figures and the associated 
discussions are presented in Table 1 , 

Figure 2 is a block diagram of a radio receiver 20 with an analog-to- 
digital converter 22 (ADC) having dynamic range control according to the 
present invention. It shows a radio frequency receiver with a CDMA 
processing block (RAKE) 38 which is shown separately from other channel 
decoding functions. CDMA signal processing techniques other than RAKE can 
also be used in the digital architecture. Radio receiver 20 has one 
downconverting stage and can have several intermediate frequencies. It 
digitizes the signal received at antenna 24 from baseband, from any 
intermediate frequency, or directly from the incoming radio frequency of the 
associated radio frequency channel. The receiver can have in-phase and 
quadrature branches similar to the in-phase and quadrature branches shown in 
Figure 1, which is block diagram of a conventional direct conversion receiver 
with associated gain control. 



944-003.107 



TABLE 1 



A RRl? F VT A TTON^^l 

/\I315iVlJ/ V Irx 1 IWIN O 


DFSrRIPTTON 


A TXU. T^TT 
r\L>D JrlLr 


filtering 


A TOT 


total Slgndl power dl alldlOg Ua&CUallU 

before filtering 


ADC 


analog-to-digital converter 


ADCALERT 


alert value when RSSI is close to the ADC 
output value 


ADCFULL 


fall scale value or resolution of an ADC 


ADC IN 


signal level at the input of an ADC 


ADC N 


number of bits or resolution of an ADC 


ADC UUl 


Signal levei ai me ouipui or an 


ADC OUT TH 


threshold value of acceptable changes in 
AJJL. outpui vaiue 


ALERTN 


increase in ADC resolution when alert 
proceuure is perrormea 


Apre Av 


gain in uie dmpiiiier oeiore cui 

(present also the total BB gain if needed) 


AprevAvjnax 


maximum gain in the amplifier before an 
ADC 


Apre_step 


gain step of the amplifier before an ADC 


ASIC 


application specific integrated circuit 


BB 


baseband 
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ABBREVIATIONS 


DESCRIPTION 


BER 


bit error rate 


BLER 


block error rate 


CDMA 


code division multiple access 


CPU 


central processing unit 


DECODE_DPCH 


dynamic range (or resolution) needed for 
decoding a modulated channel. In CDMA 
systems means unspreaded information 




aeaicaiea pnysicai cnannei. lerm reiers to 
WCDMA system terminology but here it 
can be considered generally as a single 
code channel in any CDMA system 


DPCHEc 


level of the received code channel in 
CDMA reception 


DSP 


digital signal processing 


FADEJM 


fading margin 


IF 


intermediate frequency 


LNA 


low noise amplifier 


LNA_Av 


gain of an LNA (presents also the total RF 
gain if needed) 


LNA__step 


gain step of the LNA 


LNA_TH_max 


threshold for maximum gain value selection 
in LNA 


LNA_TH^miii 


threshold for minimum gain value selection 
in ADC 
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LO 


local oscillator 


Node_alert 


amount of the signal change in the test 
node, which causes alert process 


QoS 


quality of service. In digital 
communications literature, QoS can have 
different meanings at different abstraction 
levels. Here QoS stands for the received 
signal quality with respect to data rate, 
spreading factor (only CDMA), SNR 
requirement and BER or BLER 


RF 


radio frequency 


RFTOT 


total signal power at radio frequency 


RSSI 


received signal strength indicator (or its 
value) 


RSSI_TARGET 


exchangeable target level to which the 
nirrpnt T?^*nT mpfi<;nrpment is comnared 


Jvool 1 xl 


ihre-^hcAd vahie for changes in RSSI value 


Oiiv 


ciCTnal-tn-interference ratio 


ollv CbL 


estimate of the current SIR in the reception 


SIR_min 


minimum acceptable SIR in the reception 


SNR 


signal-to-noise ratio 


TARGETN 


target number of bits or resolution for 
decoding (mcluding despreading) the 
received radio channel 
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Test_node 


selected test node from which signal level 
is measured or its value 


Tl, T2, T3, T4 


delays 



o 

m 

m 

SI 

SI 
m 

u 

O 
H= 
H= 
O 



-11- 



944-003,107 



The Method 

The method of the present invention is able to scale the high resolution 
ADC to the minimum number of bits (minimum dynamic range) required for 
decoding of the signal received from antenna 24 in view of the current radio 
receiving conditions. Most of the blocks shown in Figure 2 are conventional 
to a direct conversion receiver, including the power detector blocks 42, 48, 50 
and 52, and with the exception of the control logic block 44 and the block 46 
associated with target values from the digital signal processor, in addition to 
the high resolution ADC 22. All of the blocks are identified in Table 2. 

TABLE 2 



Reference Niimber 


Description 


22 


analog-to-digital converter 


24 


antenna 


26 


filter 


28 


RF amplifier (LNA) 


30 


mixer 


32 


filter 


34 


baseband amplifier 


36 


filter 


38 


CDMA processing block (RAKE for instance) 


40 


chaimel decoder 


42 


power detector 


44 


control logic 


46 


target values from digital signal processor 


48 


power detector 
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50 


power detector 


52 


power detector 



The block diagram of the radio receiver shown in Figure 2 does not 
require automatic gain control if the ADC 22 has sufficiently high resolution 
5 for receiving the desired radio channel under adverse receiving conditions. 

Thus a high resolution is needed for weak radio channels even in the case 
where no large interfering channels are present. As will be explained below, 
the present invention can accommodate automatic gain control so as to control 
the gain of associated analog variable amplifiers 28 and 34 via control lines 54 
10 and 56. The analog gain control scheme can be used to amplify weak signals 

;f ~ more when relatively little power exists at other nearby radio channels so as to 

^fi be able to scale down the resolution of the ADC and thus further reduce power 

-4 consumption. These concepts will be described more fully below. 

ADC Resolution Control Without Analog Gain Control 
rS Solid lines 58, 60, 62 and 64 in Figure 2 represent the repetitive control 

" of the dynamic range of the ADC without associated automatic gain control. 

In this embodiment, the target value from the digital signal processor 
r/ represents the number of bits (or the dynamic resolution) required for decoding 

the radio channel at channel decoder 40 when other radio channels are filtered 
20 out (no interference) and the signal level at the input of a detector is correct. 

This target value is called TARGET N. This number can be fixed and based 
upon the type of decoding to be performed or this number can be determined 
according to the specific mode in which the receiver is operating at some time 
or it can change during reception if the required value can be reevaluated 
25 according to existing conditions and service quality requirements. Thus for 

example in a typical CDMA system, the required resolution for ADC 22 would 
be four to six bits. The received signal strength (RSSI) of the received radio 
channel is then measured and the required resolution calculated in a manner 
shown in Figure 3 with typical signal levels and required dynamic range vs. 
30 full-scale (full-resolution) of the ADC. 
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Figures 4a, 4b, 4c illustrate various situations regarding ADC 
resolution calculation and will be described more fully below. The received 
signal strength RSSI is continuously measured by power detector 42 and if the 
value goes above or below a certain threshold value, the required resolution 
(number of bits) for the ADC is recalculated by control logic 44 and presented 
to the ADC via control line 64. In most situations it is necessary to average 
all of the measured signals so as to prevent reaction of the control to the 
normal ripple found in modulated signals or sources of distortion or noise. 
This is shown and explained in Figure 3 for the situation in which automatic 
gain control is not used. 

Referring again to Figure 3, the method for continuously controlling the 
dynamic range of the ADC is shown in a situation where analog gain control is 
not used. As shown there, after system initialization, the ADC is set to full- 
resolution and the target resolution for demodulation is received from the 
digital signal processor. It is noted that quality of service (QoS) with respect 
to BER and SNR requirements can be used for purposes of determining the 
target resolution for demodulation. The target resolution for the ADC 
(TARGET_N) is thus presented to the resolution target request step 70 and at 
the same tune the received signal strength (RSSI) is measured (and typically 
averaged) at step 72. The results of steps 70 and 72 are presented to the actual 
resolution determination step 74. It is there seen that the current or 
instantaneous resolution of the ADC 22 is determined by the equation ADC N 
ADC FULL - RSSI + TARGET N, where ADC N represents a number of 
bits (or dynamic resolution) of the ADC under current operating conditions. 

It should be noted that in Figure 3 with respect to the calculation of 
ADC_N, the values for ADC_FULL, as well as received signal strength 
(RSSI) can be calculated in decibels or in bits. For the equation set forth in 
step 74, if the value of TARGET N is in bits, then ADC FULL and RSSI 
would also be set forth in bits, A well-known formula which calculates the 
relationship between the number of bits and dynamic range is: 
DR = SNR = 6.02*m + 1.76 dB; 
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where DR is the dynamic range requirement and m is the total 

number of bits of resolution for the ADC. 
Other formulas can be used as well in order to define the required 
number of bits from the dynamic range. The final number of bits for ADC_N 
can then be defined as 

ADC N - m + TARGET N, or 

ADC_N = (ADC FULL - RSSI - 1.76 dB)/6.02 + 

TARGETN. 

In the latter equation ADC FULL and RSSI are given in decibels and 
ADC_N and TARGET N in bits. Thus the derivation of the equation 
as set forth in step 74 is readily apparent. 

Figure 4a shows that when the received signal strength is low, the 
number of bits (ADC_N) to be used by ADC 22 is relatively large and is only 
somewhat less than the maximum resolution of the ADC as set forth by 
variable ADC FULL. Figure 4b shows the same situation in which the 
received signal strength is large, representing a good incoming signal and 
therefore the value of ADC N is only slightly greater than the value of 
TARGETN. 

Referring again to Figure 3, after the value of ADC N is determined, 
module 76 sets the variable RSSI TARGET to be equal to the current received 
signal strength RSSI. Then RSSI is again measured and averaged at step 78. 
Decisional block 80 determines if RSSI_TARGET minus the RSSI threshold 
(RSSI_TH) is less than the current measurement of RSSI as determined by step 
78 and further if the current value of RSSI is less than the target value plus the 
RSSI threshold. If the result of the decisional block is true, the RSSI value is 
again measured and averaged (return to step 78), otherwise the resolution is 
again determined (return to step 74). 

Although measured RSSI and the predetermined target resolution 
(TARGET_N) are the main parameters calculated as shown in step 74, in order 
to determine the required resolution of the ADC there are other parameters that 
can be used to determine the dynamic range and therefore bit resolution for the 
ADC, including estimating signal-to-interference ratio (SIR) and received 
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power of the desired CDMA channel (DPCH Ec) so as to improve the 
accuracy of the calculation. These additional parameters are shown in Figure 
2 via power detector 52 with the information presented to control logic 
modulator 44. In addition, parameters such as the power of the desired 

5 CDMA channel (DPCH_Ec) can be used to assist in the estimation of the 

required number of bits (TARGET_N) needed in CDMA systems for 
presentation to control logic, (optional line 61). 

The following examples describe how the additional parameters can be 
used to assist in carrying out the method. However, other equations or 
10 methods based on these parameters can be used. Instead of RSSI, the required 

resolution for ADC can be calculated in CDMA systems based on the power of 
the received code channel after despreading. Hence the ADC resolution is 

C given as: 

J ADC_N = ADC_FULL - DPCH Ec + DECODE DPCH; 

0 where DECODE^DPCH describes the required number of bits needed to 

%l decode the received mfbrmation after despreading. 

7 Code chaimel power can be also used to define the target resolution 

(TARGET N) based on the received information. Then the dynamic range 
needed for decoding can be expressed as; 
g DR = RSSI - DPCH Ec + DECODE_DPCH. 

TARGETJSf can be defined in bits from the dynamic range as 
described earlier. The SIR estimate can be used in order to avoid loss of the 
information due to too high quantization noise in the receiver. If SIR estimate 
(SIR_est) is smaller than minimimi acceptable SIR (SIR_min) the number of 
25 bits in the ADC can be increased by one or more bits such as; 

ADC_N(n) = ADC_N(n-l) + 1 or 
ADC_N(n) = ADC_N(n-l) + ALERTN. 

This logic can be operated independently on the other algorithms and 
hence it can react faster to rapid changes. In most cases some averaging will 
30 be needed when DPCH Ec or SIR est is defined. 



ADC Determination with Gain Control 
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Background 

Figure 5 shows a conventional analog gain control scheme which is 
used in many digital radio communication systems in order to optimize the 
level of the incoming radio frequency signal at the input of the analog-to-digital 
converter so as to be at a level which is best for ultimate detection. The 
methodology of Figure 5 can be applied to the current method for continuously 
controlling the dynamic range of the ADC by means of the flow chart set forth 
in Figure 6. As there seen, the signal level at the output of the ADC 
(ADC OUT) is measured at step 82 such as by power detector 50 shown in 
Figure 2. If gain control is performed, the gain in the (Aprev Av) analog 
amplifier or amplifiers before the ADC is determined at step 84. This gain is 
then presented to the amplifier 34 as shown in Figure 2 via line 56. A similar 
amplification value can be determined for a low noise (RF) amplifier 28 by 
control logic 44 as presented to the LNA via control line 54. This is described 
more fully below with respect to Figure 8. 
Implementation 

Figure 6 shows that the remaining steps for performing the 
determination of ADC N are similar to those in Figure 3. Thus Figure 6 
represents an analog baseband gain control which is added to the resolution 
scaling method presented in Figure 3. The overall result is seen as a reduction 
in the bit resolution for the ADC as seen in Figure 4d. The lines 71 between 
Figure 4c and Figure 4d qualitatively show this reduction in ADC N for the 
same reception conditions. 

Figure 7 is a flow chart to define the ADC resolution with analog gain 
control which is more detailed than the flow chart shown in Figure 6. Details 
are presented m Figure 7 for use of the fading margin (FADE_M) and the gain 
steps associated with amplifier 34 (Apre step) so as to determine a new value 
of the amplifier gain (Apre Av) as shown by steps 88 and 90, depending upon 
conditional modules 92 and 94 respectively. The lower portion of Figure 7 
with respect to determining the current resolution to be used by the ADC 
(ADC_N) is basically similar to that shown in Figure 3. 
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As can be seen in Figures 6 and 7, initially the input level of the ADC 
is adjusted by adjusting the amplifier gain (Apre_Av) to an optimal level for 
presentation of the analog signal to the ADC. The fading margin (FADE_M) 
can be fixed or defined separately with respect to each mode of operation of 

5 the receiver. It also can be adjusted during radio channel reception. After the 

input signal level adjustment, the resolution of the ADC is chosen based upon 
measured RSSI or ADC OUT and used in conjunction with the target 
resolution (TARGET N) to determine an amount needed for signal detection at 
the channel decoder 40 (see Figure 2). The same method as shown in Figure 3 

10 can be used. Using this method, the ADC resolution can be scaled down 

compared to implementations without high gain control. In this respect. Figure 
4d is an illustration when the received radio channel signal is weak and other 
channels are relatively weak with automatic gain control. A comparison of 

/''^ Figure 4c to Figure 4d shows that the reduction in ADC resolution as defined 

15^ by ADCJSf is a direct factor based upon the determined gain Apre_Av for use 

%| by amplifier 34. 

A radio frequency (RF) gain step is also used in many radio receivers. 

1:5: Figure 8 shows the flow chart associated with one embodiment of the present 

t invention wherein the large gain step typical m RF curcuitry is adopted for use 

^ by the ADC resolution control method according to the present invention. It 

should be noted that rather than the gain step being at the RF stage, it can also 
be performed at some intermediate frequency or at baseband stage and the 
same procedure can be applied in all these cases as well. The RF gain can be 
adjusted with smaller steps and all possible analog gain control schemes can be 

25 applied to the ADC resolution scaling method in a similar maimer as presented 

here. It may be preferable to use RF gain control and eliminate analog 
baseband gain control as well, depending upon the particular application of the 
radio receiver. The same principle without baseband gain control as in Figure 
8 can then be used. The control logic particular to the RF gain control is 

30 shown in steps 96, 98, 100, 102, 104, 106, 108, 110, 112, 114 and 116. The 

signal LNA_Av(n) is generated by control logic 44 shown in Figure 2 and 



-18- 



944-003.107 

presented via line 54 to the RF or low noise amplifier 28. The remaining flow 
steps shown in Figure 8 are similar to those shown in Figures 3, 6 and 7. 

In addition to determining on a repetitive basis the optimal dynamic 
range of the ADC, the present invention can also generate an analog alert 
5 based upon measurements of received signal level fluctuations from an 

arbitrarily chosen test node. The overall principle of the analog alert is seen in 
Figure 9. A specific example of an analog alert in combination with the 
continuous control of the dynamic range of ADC is presented in Figure 10. 
As seen in Figure 10, either the resolution of the ADC as set by the method 
10 (ADC_N) or the gain of the amplifier 34 (Apre Av), or both of these 

parameters, can be modified based on the measurement of the test node. 
These values can be repetitively updated until an alert condition is not 
J! detected. Such a procedure reduces the latency associated with determination 

J={ of ADC_N and gain when rapidly varying signal conditions are detected. In 

i3 addition, the gain at the RF amplifier 28 (see Figure 2) or at any intermediate 

\^ frequency can be modified if an analog alert is determined. The delay 

elements Tl, T2, T3 and T4 seen in Figure 10 are used to unify the time 
difference between measured samples. Otherwise, each of the feedbacks may 
have different latencies which would cause non-unified measurement 
conditions. The alert process as shown in Figure 10 can be adapted to any of 
H the previously defined algorithms such as seen in Figures 3, 6, 7 and 8. The 

alert process thus reduces latency in the determination of ADC N when rapidly 
changing signal conditions are detected. 

For a radio receiver incorporating the methodology of the present 
25 invention, the unplementation of the method for continuously controlling the 

dynamic range of the ADC can be performed with customized digital logic on 
the same chip ui which the ADC is fabricated. This chip may be located on 
the same die with other RF parts or with the digital ASIC. Furthermore, the 
algorithms performed, includmg those for calculating the dynamic range for 
30 the ADC, may be programmed into a digital signal processor and the measured 

data collected from other chips through busses connected to the DSP engine. 
Of course, a central processing unit can perform the calculations required by 
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the method as well. For speed purposes, customized digital logic would 

normally be the preferred method of implementation. 

Thus what has been described is a method for continuously determining 

the required dynamic range for an analog-to-digital converter by determining 
5 the received signal strength in combination with the overall dynamic range for 

the ADC in combination with the target resolution of the ADC based upon the 

type of decodmg to be performed subsequent to analog-to-digital conversion. 

The method thereby allows for a reduction in power consumption associated 

with the ADC, especially when the incoming signal is being received with few 
10 interfering radio channels and with a relatively high signal strength. 

Furthermore, the present method can be combined with analog gain control, as 

well as RF or IF gain control so as to further reduce the dynamic range 
5 necessary for decoding a received radio channel and thereby minimizing power 

ri consumption for these portions of a direct conversion radio receiver or any 

M other receiver architecture. An alarm alert can be used to reduce the latency 

%i of ADC resolution calculation when rapidly fluctuating signal conditions are 

J, sensed. The method and apparatus for performing same are set forth and 

described herein above. 

Pi Having described the invention, what is claimed is: 
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